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Human Prostate Carcinoma Cells Express Enzymatic Activity That Converts 
Human Plasminogen to the Angiogenesis Inhibitor, Angiostatin 1 
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■ prostate care noma cell lines PC-3, DU-I45; and LN-CaP) express enzy^^''^^ 
y A . Ai m. . . . . * . . . 4 . ' v . J monolayers were washed twice with PBS. then serum-free RPMI was added, 
matic activity that can generate bioactive angiostatin from purified hu- . . . „ , , 

. , , . A -..^ .•.^n^u-t j - * The next day the SFCM was collected and -.eninfuged at 3000 rpm for 5 min 

man plasminogen or plasmin. Affinity purified PC-3-derived angiostatin . . , , n , , , . e p 
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§ ^3riat;lung iridjiye^ 

: in athymic mice remain at the, microseppi ~ 

tumor increases ;4-fold in ^size (4). These data suggest tliat 

? u ; ' :■ ^^c' : ' .'• n hum (Kirkcgaard cV Perry Laboratories* 
express a tactor^that suppressesune ero.w^ ■ _ ■ ■■ * 

~, . j ^ V v., ; ... . • v , i.r«/-ir-T'- , '- i; j • • ' V- ■ V;. Zymograpnic Analysis.; Zymograms' to, detect/ matrix metal loproteinase 

Tr^recent demonstration thatbTOF^H aclivily were perfbrn^^ 

inhibited in mice bearing s.c:> PGO tumors (5) suggests that the C hn»mogenic Peptide ^ubsiraiel To^te^me ^lr a postate car- 

antimetastatic factor is an angiogenesis inhibitor We now report that dnoma cell-derived elas.asV was present. 50 ill of SFCM were ^Incubated with 

PC-3 cells secrete enzymatic activity able to cleave plasminogen to 0 .3 idm of chromogenic peptide substrates specific for elastase (substrate I. 

bioactive angiostatin. MeOSuc-Ala-Ala-Pro-Val-pNA; substrate 11. Boc Ala-Ala-Pro-Ala-/iNA; 

substrate III. />Glu-Pro-Val-/>NA; substrate IV. Suc-Ala-Ala-Pro-Abu-/?NA; 

Materials and Methods Calbiochcm-Novabiochem Corp. I at 37°C for 2-18 h. Substrate cleavage was 

r^n^ ™*i ■ . „ . . 4 . . determined by monitoring the absorbancc at 405 nm (Molecular Devices. 

Cell Culture. The human prostate carcinoma cell lines PC-3. DIM 45, and Men j 0 Park ^ A 

LN-CaP were grown in RPMI 1640 supplemented with I0# fetal bovine e "° r * — . - * • . * ^ . ~~ 

serum, 100 units/ml nenicillin G. and 100 mg/ml streptomycin (Life Techno!- Lysine-Sepharose Punficat,on of Angiostat.n. To generate punfied PC- 

ogies. Inc.. Gaithcrsburg. MD). HUVECs were grown in RPMI supplemented 3 denVed an g Iostat,n for bioactivity analyses, human plasminogen was incu- 
bated with the PC-3 SFCM at 20 ptg/ml overnight at 37°C. The reaction 

~~ product was applied to a lysine-Sepharose column, preequilabrated with TBS 
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Oncology. 303 East Chicago Avenue. Searle Building Suite 3-565. Chicago. Illinois. absorbance at 280 nm. using an extinction coefficient (A 1; /, cm > of 8.0 (2). The 

■ The abbreviations used are: bFGF. basic fibroblast growth factor; HUVEC. human Purified angiostatin was also examined by Coomassie Brilliant Blue staining of 

umbilical vein endothelial cell; SFCM. seium-free conditioned medium. polyacrylamide gels and immunodetection by Western blot. Elastuse-generated 
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;angiokiilin, ;purified from human plasma, was a generous gift from M. S. 
O'Reilly (Children's Hospital, Harvard University, Boston. MA). 

Microsequence Analysis of PC-3rderlved Angiostatin. To determine the 
NH 2 -terminus of the angiostatin bands. 10 jig of the affinity purified PC-3- 
derived angiostatin was electrophoresed on a 1 2# SDS-polyacrylamide gel. 
electroblotted to a polyvinylene difluoride membrane, and stained with Coo- 
massie Blue. The bands were excised, placed on Porton sample support discs, 
and sequenced using a pulse liquid-phase sequencer with phenylthiohydantoin 
analysis. - .' • • -p.^ y : /-:' ' ; 

Endothelial Cell Proliferation Assay. Cell proliferation was determined 
using the CellTiter 96 AQ nonradioactive cell proliferation assay (Promega: 
Corp.. Madison. Wlh The human endothelial cells were plated in a %-welI 
tissue culture plates (Bectqh Dickinson, Lincoln Parle, NJ) at a concentration of 
5 .0 X 1 0 \ cells/well . The ; fol U»yjn^&yy ; i ,5, 8. or 10 jtg/ml of angiostat in was 
..- udJed to triplicate^ejlsV control. The cells 

* were incubated: for ^ reflecting trie 

number of proliferating^ 
reader. (Molecular . ~ : " ""' 



total length of the tubes was determined for each photograph and the m-san tube 
length was determined. The results were expressed as the mean ± SE. 

Corneal Angiogenesis Assay. The corneal assay was performed as de- 
scribed previously <||). Briefly. 5-/txl hydron pellets (Hydron Laboratories. 
New Brunswick. NJ) containing 10 ^/m\ bFGF or bFGF plus I or 10 /ig/ml 
angiostatin were implanted into the cornea of anesthetized rats. After 7 day s, 
the animals were sacrificed, corneal vessels were stained with colloidal carbon, 
and corneas were examined for angiogenic activity.:. 

Results and Discussion 

Angiostatin Generation by Prostate Cancer Cells. Incubation of 
human plasminogen with PC-3 cellrdcrivcd SFCM resulted in the 
generation of multiple irntrjunoreac^ 50 kp 

(Fig. M). similar-tp ikns^ Examina- 



^untreated controFcells: 



Endothelial tell 



chamber using bovine capillary endothelial cells (a kind gift from Dr. J. 
Folk man. Harvard Medical School, Boston. MA) as described previously (9). 



approximated the predicted mass of kringles I -4 of human plasmin- 
ogen. Subsequent confirmation that the prostate carcinoma-derived 
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^gnificatto^ class of -the angiostajin^^ 

nbseryc^ witivplasmino^enjm;tte 

s that were incomplete: ^ef ^(ol^yanous proteinase! inhibitors. Only serine proteinase inhibitors • V o l ; n V; ? 



Mg. I . Conversion of plasminogen and plasm in to 
angiostatin by PC- J SFCM. /\. Law I. molecular 
weight standard; Law 2. human plasminogen: Law 3. 
human plasminogen incubated overnight at 37°C in 
nonconditioned RPMI: Law -J. human plasminogen 
intubated overnight at 37 U C in SFCM from PC- J cells; 
Law 5. human plasmin incubated in nonconditioned 
RPM1: haw 6. human plasmin incubated in SFCM 
from PC-3. R. the generation of angiostatin from plas- 
minogen was lime dependent PC -3 SI-CM way incu- 
bated with plasminogen, and at ihe lime points indi- 
cated, aliquot* were removed and snap fro/cn prior lo 
Western hint analysis. Trace generation of angiostatin 
was first observed at 3 h. and complete conversion was 
noted at 24 h. C. generation of angiostatin by PC-3 
SFCM was concentration dependent. SFCM was di- 
luted with fresh RPMI and incubated with plasminogen 
for 2A h. />. affinity purification of PC-3 SFCM-derived 
angiostatin. Imiw /. molecular we ight standard: Luw 2. 
human plasminogen incubated overnight at 37T in 
nonconditioned RPMI: Law 3. PC-3-derived angiosta- 
tin. alTinity purified on lysine-Sepharosc and stained 
with CtHimassic Blue: Law 4. PC-3-derived affinity 
purified angiostatin detected on Western blot using the 
K I -3 moniK'lonal antibody. 
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fg^\-&|^ Panted corneas (Fig. 3C). In contrast^ ™giostat^^ 

^ pletely inhibited the bFGF-induced angiogenic ^ppnje 

^K^/Mted^ I ). three animals (Fig. 3D). At a lower 'cjosagj^ 

IpgB^ : completely blocked angiogenesis in two ;of three i^j^^^^i^^S^^ 

§f||^§^^ inhibition in the third animal. Taken together; these data in^ic^e llial ^ ^ 



p# gippnesi^ 

||rfC" endothelial cell proliferation, migration, and tube formation (13), we 90; 

u sgd ^p^ti p J r w^^m . ;and;7>i^ v/w ^ ^ss^ la*^ j t<V; ai lg ioger^sis ^tp y-;^ 





Sit., 

us 



70 



47 - mnii^H^ i -'?>!^^^t©^^;^ 

i . ,.\ :,v/^ 4'.. ■.. ,. ■" . O-. '■'i.'r 



To determine the effect of PC-3-derived angiostatin on corneal 



Table I Pnitiinuxe inhibitors 
The proieinasc inhibitors were added to the SFCM/plasminogen mix prior to the 
overnight incubation. Samples were analyzed hy Western blol for evidence of inhihition 
of angiostatin generation. 



30 ~ 



Proteinase inhibitor Concentration 



Class 



Inhibitory 
activity 



20 




50% 



BSA 



P 



Pcfabloc 4.0 idm 

Aproiinin 0.3 jim 

Soybean trypsin inhibitor 2.0 m\i 

Ben/am idinc 1-IOmw 

Elastalinal 30-100 jim 

Anlipjin dihydrochlnridc I(K) /im 

Lcupcptin 1(H) jim 

Chymoslalin MX) jni 

Bestatin 10 /im 

E-64 10 fixi 

Pepstatin 1.0 pM 

EDTA 1-10 rim 

l.iO-Phcnanlhrotine 10 fx\% 

Phosphoramidnn 100 p\i 



Serine proteinases Complete'' 

Serine proteinases Complete 

Serine proteinases Complete 

Serine proteinases Weak 

Elastase None 

Limited serine proteinases None 

Serine and thiol proteinases None 

Chymotrypsin None 

Aminopv'ptidases Weak 

Cysteine proteinases None 

Asparlic proteinases None 

Metal loprolcihases None 

Metalloprolcihases None 

Metailoprotcinases None 



Complete, no immurioreaciive angiostatin bands: weak; taint angiostatin bands: none, 
full generation of angiostatin. 



10* 1 10° 
pg/ml angiostatin 

Fig. 2. PC-3-dcrived angiostatin inhibits endothelial cell proliferation and migration. A, 
proliferation: HUVECs were plated in growth medium and incubated overnight at 37°C 
Fresh HUVEC growth medium was then supplemented with PC-3-derivcd angiostatin. 
Cells were grown for 72 h. and then an ahsorhance reading reflecting the number of 
proliferating cells was obtained. The PC-3-derived angiostatin caused a concentration- 
dependent decrease in the proliferation of HUVEC. with significant inhibition obtained at 
10 fig/ml <*. P < 0.05), Cnlumm. mean of samples in triplicate: bars. SD. i?;bFGF r 
induced migration: PC-3-derived angiostatin was tested for its ability to inhibit bFGF- 
induced migration of bovine capillary endothelial cells in a modified Boyden chamber. A 
concentration-dependent inhibition of migration toward hFGF was observed with the -. 
PC- .1- derived angiostatin. indistinguishable from the clastase-gcncratcd angiostatin. Back- 
ground migration without the inducer in 0.1'* BSA and migration in the presence of 
stimulatory hFGF alone arc indicated. Toxicity was ntcavuivd in parallel by trypan blue 
exclusion and was <IO'/r at all concentrations. 
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